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Fish passage in the Southern Hemisphere 
Network (FISH-Net)
Outline
• Global trends in fishway effectiveness
• The (neglected) temperate Southern Hemisphere
• A new approach to fishway design criteria:
• Upstream fishway design for “migratory” species
• Mortality during downstream passage
• Applications to hydropower planning, design and monitoring
Global trends in fishway effectiveness
Global trends in fishway effectiveness
From Kemp (2016) River Res. Appl.
Global trends in fishway effectiveness
The temperate Southern Hemisphere
Fish fauna Geotria australis
Galaxias maculatus
“Non-sport” fish <150 mm(Link & Habit, 2015)
Chilean freshwater species
Adapted from Link & Habit (2015) Rev. Environ. Sci. Biotechnol. 14 (1) 9-21.
Wilkes et al. (in prep.) 
Hydropower pressureZarfl et al. (2015) Aquat. Sci. 77 (1) 161-170.
Weirs and culverts
Rapid hydropower development in Chile
Source: Prof. O Link, U. Concepción
Fishways as mitigation
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Non-sport fish,Mitchell (1989)Atlantic salmon,Colavecchia et al. (1998)
A new approach to fishway design criteria
Design criteria
• Approach:
• Systematic evidence review (Eco Evidence)
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• Approach:
• Systematic evidence review (Eco Evidence)
• Expert elicitation workshops
Mortality of downstream migrant fish due to 
shear-related injuries and barotrauma at 
hydropower plants 
Fishway design criteria for non-sport species 
 
26 September 2016, University of Melbourne 
Design criteria
• Approach:
• Systematic evidence review (Eco Evidence)
• Expert elicitation workshops
• Bayesian Networks
Mortality of downstream migrant fish due to 
shear-related injuries and barotrauma at 
hydropower plants 
Fishway design criteria for non-sport species 
 
26 September 2016, University of Melbourne 
• Attraction efficiency (%)
• Entrance efficiency (%)
• Passage efficiency (%)
Fishway effectiveness
Definitions
Kemp & O’Hanley (2010)
• Attraction efficiency (%)
• Entrance efficiency (%)
• Passage efficiency (%)
• Guidance efficiency (%)
• Turbine entrainment
(% mortality)
- Pressure
- Fluid shear
- Blade strike
!
Fishway effectiveness
Definitions
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VelocityBaffles
Drop height     
Screen design
Wilkes et al. (in revision) Rev.
Fish Biology and Fisheries
Systematic evidence reviewEntrance & attraction
Passage Downstream movement
Energy dissipation
Entrance location
Turbine, bypass design
Fishway length
Attraction flow
Systematic evidence review
• Key findings:
• Not enough empirical evidence
• Attraction of fish and downstream movement neglected
• Incomplete monitoring data and insufficient reporting
• Need to combine little evidence with expert knowledge and numerical modelling
Bayesian networks: Upstream passage
L=Distance of entrance from
Barrier
Bayesian networks: Upstream passage
W=slot width
V=pool volume
h=head loss
Bayesian networks: Downstream passage
Pressure
Bayesian networks: Downstream passage
Blade strike
Upstream fishway design
Fishway effectiveness
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Upstream fishway design
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Upstream fishway design criteria
Wilkes et al. (in prep.)
Mortality during downstream passage
Shear mortality
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Turbine design
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Mortality during downstream passage
Wilkes et al. (in prep.)
Bayesian networks
• Key findings:
• N. Hemisphere criteria an order of magnitude too high
• Attraction flow, turbine design and pressure most sensitive design parameters
• Solutions could be near 0% or near 100% effective, depending on design
• Local extinction, decline in fisheries and ecosystem services expected without sensitive planning and design
Applications to hydropower planning, design 
and monitoring
Applications
• Predict impact of barrier for planning and EIA
• Design fishways for any target species or group
• Set targets for fish screens and bypasses
• Trade-offs between cost, hydraulic & biological performance
• Prior probabilities for basic fish passage research
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